The emergence of new replicating entities from the union of 1 simpler entities represent some of the most profound events 2 in natural evolutionary history. Such transitions in individu-3 ality are essential to the evolution of the most complex forms 4 of life. As such, understanding these transitions is critical 5 to building artificial systems capable of open-ended evolu-6 tion. Alas, these transitions are challenging to induce or de-7 tect, even with computational organisms. Here, we intro-8 duce the DISHTINY (DIStributed Hierarchical Transitions 9 in IndividualitY) platform, which provides simple cell-like 10 organisms with the ability and incentive to unite into new 11 individuals in a manner that can continue to scale to subse-12 quent transitions. The system is designed to encourage these 13 transitions so that they can be studied: organisms that co-14 ordinate spatiotemporally can maximize the rate of resource 15 harvest, which is closely linked to their reproductive ability. 16 We demonstrate the hierarchical emergence of multiple levels 17 of individuality among simple cell-like organisms that evolve 18 parameters for manually-designed strategies. During evolu-19 tion, we observe reproductive division of labor and close co-20 operation among cells, including resource-sharing, aggrega-21 tion of resource endowments for propagules, and emergence 22 of an apoptosis response to somatic mutation. Many repli-23 cate populations evolved to direct their resources toward low-24 level groups (behaving like multi-cellular individuals) and 25 many others evolved to direct their resources toward high-26 level groups (acting as larger-scale multi-cellular individu-27 als). 28
Introduction

29
Artificial life researchers design systems that exhibit prop- 30 erties of biological life in order to better understand their 31 dynamics and, often, to apply these principles toward en-32 gineering applications such as artificial intelligence (Bedau, 33 2003). Studies of evolution have been of particular inter-34 est to the community, especially in regard to how organisms 35 are produced with increasing sophistication and complex-36 ity (Goldsby et al., 2017) . This particular issue is often de-37 scribed as "open-ended evolution." Although precise defi-38 nitions and measures of open-ended evolution are still be-39 ing established, this term is generally understood to refer 40 to evolving systems that exhibit the continued production 41 of novelty (Taylor et al., 2016) . Evolutionary transitions in 42 individuality, which are key to the complexification and di- 43 versification of biological life (Smith and Szathmary, 1997) , 44 have been highlighted as key research targets with respect to 45 the question of open-ended evolution (Ray, 1996; Banzhaf 46 et al., 2016). In an evolutionary transition of individuality, 47 a new, more complex replicating entity is derived from the 48 combination of cooperating replicating entities that have ir- 49 revocably entwined their long-term fates (West et al., 2015) . 50 In particular, we focus on fraternal transition in individual- 51 ity, events where closely-related kin come together or stay 52 together to form a higher-level organism (Queller, 1997) . 53 Eusocial insect colonies and multicellular organisms exem- (Goldsby et al., 2010 , the origin of soma 77 , and the evolution of morphological 78 development (Goldsby et al., 2017) . We aspire to com- Hierarchical levels are introduced into the system through
Figure 1: Activation signaling, and net resource collection for three different-sized same-channel networks during a resource wave event. At the top, a resource wave is depicted propagating over three updates and then ceasing for four updates (left to right). In row a, a small two-cell channel-signaling group (far left, in green) is activated; tracking the resource wave (top) yields a small net resource harvest (far right). In row b, an intermediate-sized 13-cell channel-signaling group yields a high net resource harvest. Finally, in row c, a large 29-cell channel-signaling group incurs a net negative resource harvest. In rows a, b, and c, dark purple indicates the active state, light purple indicates the quiescent state, and white indicates the ready state. In standard evolutionary runs, we observed a spectrum of 387 evolved resource-caching strategies. To assess the relative 388 fitness of these evolved organisms, we ran competitions be-389 tween the most common genotype from three standard evo-390 lutionary runs. The first genotype allocated resource ex-391 clusively to its first-level same-channel resource pool (i.e., 392 P 1 = 1.0), the second split resource evenly between its first-393 level and second-level resource pool (i.e., P 1 = P 2 = 0. 1.00 1.00 1.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 0.99 ± 0.01 P c 0.00 0.00 0.00 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.05 0.02 ± 0.03 0.02 ± 0.02 0.00 ± 0.00 P 1 1.00 0.50 0.00 1.00 ± 0.00 0.60 ± 0.07 0.28 ± 0.16 0.42 ± 0.25 0.42 ± 0.24 0.56 ± 0.37 P 2 0.00 0.50 1.00 0.00 ± 0.00 0.40 ± 007 0.69 ± 0.14 0.56 ± 0.24 0.56 ± 0.24 0.44 ± 0.37 C 1 3.13 3.45 2.04 3.90 ± 0.60 3.38 ± 0. 
